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Medical Progress

Australia Antigen and the Revolution
In Hepatology

G. L. Girnick, M.p., Los Angeles

AUSTRALIA ANTIGEN OR HEPATITIS associated anti-
gen (HAA) was first detected in the serum of an
Australian aborigine by using as an antiserum a
precipitating antibody which developed in hemo-
philia patients who had received multiple trans-
fusions.»* Since that time it has been shown
that this antigen is a particle intimately associ-
ated with, or a causative agent of, viral hepa-
titis.>* The steps leading to this determination
represent a fascinating saga of medical and his-
torical serendipity.

In 1963 Dr. B. S. Blumberg and his colleagues
were in the midst of a systematic study exploring
inherited variations in serum proteins. This was
part of an extensive study of inherited and ac-
quired antigens to which hemophilia patients
may have developed antibodies following re-
peated transfusions. During these studies an
unusual antibody was found in the serum of a
patient with hemophilia who had received many
transfusions. In the initial experiments the anti-
body was found to react with the serum of an
Australian aborigine but not with other sera in
the panel. It was therefore called Australia An-
tigen (abbreviated Au(l)). The antigen was
present in only 0.1 percent of the general United
States population,® but was detected in the blood
of 8 of 70 patients with leukemia.*® Subse-
quently HAA was found in 28 percent of 310 pa-
tients with Down’s syndrome who were in insti-
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tutions but was rarely present among patients
with Down’s syndrome living out of institu-
tions.»” Equally confusing was the finding of
HAA in 5 percent of apparently normal people
living in several Asian and oceanic countries.
This led to studies which suggested Mendelian
inheritance.®®* The antigen was also found in
seven of 38 patients with acute granulocytic leu-
kemia and four of 30 patients with chronic
lymphocytic leukemia. Many of these patients
were subsequently found to have received trans-
fusions and to have liver disease.®

Further studies revealed the antigen to be as-
sociated with long incubation period or post-
transfusion hepatitis. Initial studies showed HAA
to be detected in up to 58 percent of such
patients, as determined by immunodiffusion
studies.>*® The association of HAA with acute
hepatitis was quickly confirmed by Okochi and
Murakami.® Early studies were done primarily
using the relatively insensitive Ouchterlony im-
munodiffusion technique. However, in 1969 two
groups independently described highly sensitive
complement fixation assays for HAA.***? This led
to studies revealing that by testing serial sera,
HAA could be detected in up to 98 percent of
130 patients with post-transfusion hepatitis.**
These studies firmly established the association
of HAA with acute hepatitis.

After partial purification by sucrose density
gradient ultracentrifugation, HAA was examined
under the electronmicroscope by Bayer.’* HAA
was found to be composed of 200-Angstrom



particles with sub-units 30 Angstroms in di-
ameter. Immunofluorescent studies consistently
demonstrated HaA in and around the nuclei of
liver cells of patients with viral hepatitis and
HAA in their blood.* The antigen was not de-
monstrable in other forms of acute liver disease,
either by immunofluorescence studies of liver

preparations or by evaluation of the blood of .

patients, using immunodiffusion techniques.
Prince, using a similar method, demonstrated
the presence of an antigen in the sera of patients
with post-transfusion hepatitis but not in the
sera of patients with infectious hepatitis. He
designated this antigen as “sH” antigen.’® Sub-
sequent studies have shown that sm antigen
forms a band of identity with naa® Accord-
ingly, hepatitis associated antigen or HAA, Aus-
tralia antigen or Au(1) and sH antigen, are now
thought to be identical determinants. Because
of the association of Australia Antigen with
acute hepatitis, evidence that it can be trans-
mitted by transfusion, together with the elec-
tronm1croscop1c appearance and its. demonstra-
tion by immunofluorescence studies in or on the
nuclei of liver cells, it has been suggested that
HAA may indeed by a virus which could be an
etiologic agent of hepatitis.*

In 1969 Wright and his colleagues*” and my
colleagues and I'* independently demonstrated
the presence of HAA in the sera of patients with
chronic active liver disease. These studies dem-
onstrated that the antigen may persist for weeks,
months or years among patients with chronic
liver disease even though the liver i§ cirrhotic.
Blumberg and his colleagues had already dem-
onstrated the presence of the antigen among
patients with Down’s' syndrome and anicteric
chronic liver disease.® It has accordingly been
suggested that HAA may be acting as a “slow”
virus. London and his colleagues suggested that
these findings, together with the appearance of
HAA among patients with Down’s syndrome, leu-
kemia and lepromatous leprosy, may indicate an
association with some form of immunologic de-
ficiency.?®

Recently Australia antigen subtypes have been
defined***?2 and the possible clinical implica-
tions of such subtypes have been explored. In
addition to the initial association of HAA with
acute hepatitis and the subsequent demonstra-
tion of HAA in chronic active hepatitis and post-
necrotic cirrhosis, further studies have demon-

strated the variable presence of HAA among pa-
tients with primary biliary cirrhosis, neonatal
hepatitis,?*24:252¢ hepatoma,?” and periarteritis
nodosum.?®?* Finally, circulating antigen-anti-
body complexes have been demonstrated among
patients whose HAA complement fixation tests
were anti-complimentary. Accordingly, thera-
peutic and prognostic significance has been at-
tached to the presence of an anti-complimentary
or “AC” HAA assay.®

Assay Systems

Several valuable tests are now available for the
detection of HAA. When antigen is present in
high concentrations most of the available assay

" systems are capable of detecting it. However,

antigen that is present in low concentrations may
be detected only in the more sensitive systems.
The Ouchterlony agar gel diffusion system was
the first assay developed for the detection of
HAA.®' This system usually requires at least 24
hours before results are available. Current data
suggest that this is the least sensitive assay for
the detection of HAA.*> Counter-electrophoresis
is one of the most widely used assay systems for
screening for HAA. This system offers the ad-
vantages of being rapid, relatively inexpensive
and easy to perform, and it is more sersitive
than standard immunodiffusion systems. How-
ever, this assay system lacks the sensitivity of
the following tests. Complement fixation is a
highly sensitive means of detecting HAA.212 The
standard test requires 24 hours. Variations of
the test may be performed within three hours.
This assay is relatively inexpensive and is sensi-
tive, but requires a skilled technician and a re-
liable control system. Recently an automated
complement fixation assay was described.*? This
system, which requires only 45 minutes for the
performance of 60 tests on a single channel of
an autoanalyser, may provide a rapid automated
inexpensive means of screening in large blood
centers. The hemagglutination inhibition assay
is thought to be a very sensitive, relatively rapid
and inexpensive test for the detection of HAA.*®
This is a new test and has not been thoroughly
evaluated. Initial data suggest that this may be
a sensitive and reliable assay system which will
yield results within a short period and can eas-
ily be performed. The reagents for this system
currently are relatively expensive. This assay
system may lend itself to automated procedures.
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The most sensitive assay for HAA is the radio-
immunoassay.** This assay takes several days to
perform, is technically difficult and requires
highly trained personnel for performance and
interpretation. Currently this assay system does
not lend itself to rapid, large-scale screening
procedures.

Physical and Chemical Properties

Electronmicroscopic studies of partially puri-
fied antigen preparations have revealed virus-
like particles 200 Angstroms in diameter.’* These
particles may be tubular or spherical in shape
and may contain a dense core. Most particles
appear empty. The surface consists of symmet-
rical polyhedral sub-units 30 Angstroms in di-
ameter. These particles may be agglutinated by
specific antibodies. Other studies have revealed
the occasional presence of large oval particles
200 my in diameter. Recently studies have dem-
onstrated small amounts of RNA in purified
antigen preparations. The characteristics previ-
ously described are entirely consistent with those
of a small virus. However, Koch’s postulates
have not been fulfilled. Krugman has recently
shown that the infectious moiety of HAA may be
inactivated by heat, and in this manner he has
produced an experimental hepatitis vaccine.®*

Acute Hepatitis

Studies by several groups, including the im-
portant contributions of Blumberg,® Prince,*
Giles,** and Krugman,?®*’ have established a
definite association between HAA and long incu-
bation period or serum hepatitis. In one series
HAA was detected in 97 percent of 40 cases of
post-transfusion hepatitis but was not detected in
41 consecutive cases of short incubation period or
infectious hepatitis.*” With the development of
the HAA complement fixation assay, Shulman was
able to demonstrate that HaA could be detected
in at least one of four serial sera of 98 percent of
patients with documented post-transfusion hepa-
titis.'* Some investigators have associated the
antigen with short incubation period hepatitis
or infectious hepatitis. These findings have not
been uniformly observed. It has been suggested
that the infrequent association of HAA with in-
fectious hepatitis may reflect the fecal-oral trans-
mission of HAA hepatitis. Among the many im-
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portant contributions made by Krugman to- our
understanding of hepatitis was the demonstra-
tion that the agent of long incubation period
hepatitis, though usually transmitted through
blood products, could also be transmitted by the
oral route.** The test for HAA is a helpful aid
in differentiating between infectious and serum
hepatitis, or between serum and drug-induced
hepatitis. A negative HaA test does not rule out
the presence of long incubation period hepatitis
because the duration of antigenemia may be
transient. The antigen may be present for as
short a period as two or three days, or as long a
period as 21 days. It may not be detectable
shortly after the onset of jaundice and it may
rapidly disappear after the transaminase ‘has
reached its peak.

During past years it has been reported that in
the United States the annual rate of post-trans-
fusion hepatitis amounts to approximately 30,000
cases. Furthermore, it has been estimated that
there may be up to 3,000 deaths a year as a di-
rect result of post-transfusion hepatitis.*®* Most
blood banking centers have now instituted rou-
tine testing of blood and blood products for HaA.
In some centers the frequency of post-transfu-
sion hepatitis has been reduced by 25 percent or
more, but nowhere has it been eliminated. A
number of techniques are available for HAA test-
ing. It is unfortunate that those which lend
themselves most easily to large scale screening
procedures are the least sensitive assays. The
more sensitive assays, such as the radiocimmuno-
assay, the hemagglutination inhibition test and
the complement fixation assay, require time,
money and technical skill. The application of
automated procedures to these assay systems
may provide rapid, inexpensive and highly sen-
sitive assays through routine use in large blood
banks.3?

Initial studies reported by Krugman have sug-
gested that gamma globulin made from plasma
containing antibody to HAA may effectively re-
duce the risk of post-transfusion hepatitis.** Thus
far only small scale studies have been recorded,
yet the data is encouraging. In contrast, gamma
globulin lacking antibody to HAA seems ineffec-
tive. Gocke** administered plasma containing
antibody to Australia antigen to a small group
of patients with fulminant hepatitis and reported
subsequent amelioration of disease. A controlled
prospective study of the potential therapeutic



value of HAA in the treatment of fulminant hepa-
titis is under way. A patient so treated by our
group did not survive.

An experimental hepatitis vaccine was recently
prepared by Krugman.?* The serum, containing
HAA, was heat-inactivated dnd was administered
to a small group of children. When challenged
with hepatitis inoculations the children who re-
ceived the heat-inactivated vaccine were appar-
ently immune, whereas hepatltls developed in
children not so protected. These studies suggest
that a hepatitis vaccine could be feasible. How-
ever, it is unlikely that a heat-inactivated vac-
cine prepared from human serum would lend
itself to the extensive safety precautions required
for large scale vaccine production. This impor-
tant work, however, did demonstrate that inac-
tivated HAA may confer protection. It is hoped
that this pioneer work will lead to the develop-
ment of vaccines produced from HAA cultivated
in tissue culture and subsequently either attenu-
ated to produce a live attenuated vaccine or in-
activated by other methods of inactivation.

Chronic Active Liver Disease

At the time that the presence and persistence
of HAA in the sera of some patients with chronic
liver disease was demonstrated,’”** it was postu-
lated that HAA may be acting as a slow or latent
virus. Subsequent studies have confirmed and
extended these findings. HAA has been detected
in between 10 and 50 percent of patients with
chronic active liver disease. During the course
of this illness the antigen may come and go,
perhaps reflecting variable concentrations of an-
tigen or a varying sensitivity of our HAA assays.
HAA may be present even though the liver is cir-
rhotic.’®* In some instances circu'lating antigen-
antibody complexes have been demonstrated?
and it has been suggested that these complexes
may be important in the progression of this dis-
ease. Such complexes may be demonstrated by
the detection of anticomplementary (Ac) HAA
complement fixation assays. Alternatively, anti-
gen and antibody may be demonstrated to co-
exist in the same serum by application of either
the radioimmunoassay or the hemagglutination
inhibition assay. Fach of these approaches has
successfully demonstrated the presence of HAA
complexes in some patients with chronic active
liver disease.** Recent studies by our group have
demonstrated that HAA or antigen-antibody com-

plexes may be detected in more than 50 percent
of patients with chronic active liver disease.®
Patients found to have anticomplementary assays
tend to have a poorer prognosis than do those
who do not. Moreover, patients with circulating
immune complexes or anticomplementary assays
show the most dramatic response to treatment
with prednisone. Unfortunately a large series in
which some patients with chronic HAA antigene-
mia are treated with prednisone and others with
placebo has not yet been reported. Our series is
not large enough to yield data of statistical sig-
nificance and hence the question of whether
chronic antigenemia lends itself to treatment
with prednisone remains unanswered.

Postnecrotic Cirrhosis

Acute hepatitis sometimes progresses to
chronic active hepatitis and subsequently to post-
hepatitic or postnecrotic cirrhosis.*> In each of
these entities, HAA which first developed during
acute hepatitis may persist. Thus the presence
of HAA among patients with postnecrotlc cirrho-
sis is now well documented.®* The pathogenic
implications of this finding and the associated
therapeutic possibilities remain unexplored. The
role of HAA in the progression through this spec-
trum of liver disease is undetermined.

“Persistent Hepatitis,” “Unresolved
Hepatitis” and “Hippy Hepatitis”

The sequelae of acute hepatitis are numerous.
One of these is a benign lesion characterized by
a heavy inflammatory infiltrate in portal tracts
but not associated with hepatocellular necrosis
or lobular destruction. This pathologic lesion
has been designated “persistent hepatitis.”+* The
same lesion may be found as a result of a num-
ber of causes, only one of which is acute hepa-
titis. Patients with this lesion usually are rela-
tively asymptomatic but may have persistent ele-
vations in transaminase values, and a significant
number of such patients may have chronic HaA
antigenemia. The natural history of this illness
is usually a spontaneous resolution after weeks,
months or years. It is not thought to progress
to cirrhosis.** In contrast, “unresolved hepatitis”
is characterized by inflammatory infiltration and
variable degrees of hepatocellular necrosis and
may be associated with clinical symptoms. It is
frequently associated with chronic Australia an-
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tigenemia. The natural course of this lesion is
not well delineated. Finally, the term “hippy
hepatitis”** has been applied to chronic liver
disease initially thought to be related to the ad-
ministration of intravenous narcotics. Some cases
of this chronic form of liver disease have been
found to be associated with Australia antigene-
mia. Indeed, antigen titers have been found to
be unusually high, perhaps because of frequent
and heavy exposure.

Neonatal Hepatitis

The role of HAA in maternal and neonatal
hepatitis has been extensively investigated.
Keyes?***® and other members of our group eval-
uated sera from mothers and infants participat-
ing in a collaborative perinatal study encompass-
ing 60,000 pregnancies. Populations studied in-
cluded mothers with hepatitis during pregnancy,
mothers delivering stillborn infants and mothers
having repeated abortions. Also studied was
cord blood from mothers with hepatitis during
pregnancy and from newborns with hyperbili-
rubinemia, Down’s syndrome or elevated immu-
noglobulin M levels. Of 22 mothers with hepa-
titis during pregnancy, two were positive for
HAA (9.1 percent). HAA may have been ac-
quired by the fetus during intrauterine gestation,
since the cord blood from one of the two moth-
ers was also positive. This was the first demon-
stration of HAA in cord blood. This finding sup-
ports the possibility that HAA may be transmitted
to the fetus via the placental circulation. In
contrast, other investigators had previously sug-
gested that HAA may also be contracted by the
fetus from swallowing amniotic fluid in utero.
HAA was found in one of 30 (3.3 percent)
mothers who had repeated stillbirths, in one of
27 (3.7 percent) with repeated abortions, and
also in the cord blood of two of 123 mothers
(1.6 percent) with elevated igm levels.

Schweitzer?® reported the occurrence of HAA
in some infants whose mothers had mHAA-positive
hepatitis. Keyes®® evaluated 414 pairs of ma-
ternal and cord blood specimens from a county
hospital population, using the HAA complement
fixation and immunodiffusion techniques. Four
maternal blood specimens were found to be pos-
itive (1 percent). One infant whose mother had
HAA at delivery became positive at one month
of age. This infant’s circulating HAA has per-
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sisted throughout the early months of life. Cur-
rently the significance of chronic HAA antigene-
mia in infants is uncertain.

Primary Biliary Cirrhosis and Primary
Liver Cell Carcinoma

Two lines of evidence have implicated HAA in
the pathogenesis of primary biliary cirrhosis.
Electronmicroscopic studies originally revealed
antigen-like particles in the sera of a few pa-
tients with the disease. Subsequently, highly
sensitive assays also detected. the antigen in
occasional patients with this illness. Recently, a
prospective double-blind controlled trial of treat-
ment among patients with chronic active hepa-
titis yielded other important data which may
cast light on the pathogenesis of some cases of
primary biliary cirrhosis.*? Sixty-five patients
with chronic active hepatitis were followed pros-
pectively. All had presented with typical clini-
cal, biochemical and histologic features of chronic
active hepatitis. Serial biopsy studies were done,
and in seven of the patients features character-
istic of primary biliary cirrhosis subsequently
developed. Of these seven, three were found to
harbor HAA. Hence it is suggested that a few
patients with chronic active hepatitis may pro-
gress to primary biliary cirrhosis, and that HAA,
acting as a “slow” virus, may persist in such in-
stances. Thus far most patients having primary
biliary cirrhosis do not appear to be HAA-posi-
tive, nor do they necessarily pass through a
chronic active hepatitis stage. Another unusual
outcome of HAA-positive liver disease is the de-
velopment of primary liver cell carcinoma or
hepatoma. Denison recently demonstrated the
persistence of HAA in some patients with familial
primary liver cell carcinoma.?” Sherlock* had
previously observed HAA to be present in some
patients with hepatoma.

Polyarteritis, Glomerulonephritis and
Arthritis

It has recently been demonstrated that HAA
may be detected in some illnesses not ostensibly
related to liver disease. Gocke et al?® evaluated
11 patients with polyarteritis manifested by ar-
thralgia; urticaria, fever, hypertension, hema-
turia, azotemia and eosinophilia. Four of these
11 patients had circulating serum HaA associated
with mild hepatitis. Circulating antigen-antibody



complexes were demonstrated in three of the
four patients. Further studies revealed the pres-
ence of 1gM, HaA and the C® coinponent of com-
plement in the walls of a skeletal muscle artery.
Evaluation of these patients revealed that most
had previously experienced an episode of HAA-
positive hepatitis. In another instance, antigen-
antibody complexes were demonstrated to be
deposited within the glomeruli of the kidneys of
a patient with HAA-positive chronic hepatitis and
glomerulonephritis.#” In the latter instance it
was postulated that HAA or antigen-antibody
complexes may be important in the pathogenesis
of the renal lesion. Arthritis simulating rheuma-
toid arthritis, but lacking rheumatoid factor, may
accompany acute or chronic hepatitis. Alpert
evaluated nine cases of hepatitis associated with
arthritis.** Four of the patients had urticaria
and four had skin rashes. All patients had HAA
in their serum. Serum complement levels or in-
dividual complement components were low. Al-
pert suggested that this may reflect the presence
of immune complex disease. Thus emerging evi-
dence suggests that HAA, or antigen-antibody
complexes related to HAA; may be important in
the pathogenesis of diseases involving organ sys-
tems other than the liver.

The Future

As described above, initial data suggests that
basic research leading to the cultivation of HAA
and the inactivation of HAA may eventually yield
an effective and safe hepatitis vaccine. Extensive
efforts will be required to cultivate, characterize,
attenuate or inactivate the hepatitis virus before
a hepatitis vaccine is a reality. Initial data also
suggests that HAA detection may have thera-
peutic and prognostic significance. The detec-
tion of mAA circulating immune complexes
among patients with chronic active liver disease
seems to be an indicator of the need for treat-
ment with steroids.

The significance of HAA in the serum of pa-
tients with chronic active liver disease in the
absence of immune complexes has yet to be eval-
uated. Recent data suggests that there are at
least four subtypes of HAA. The possible patho-
genetic and prognostic significance of HAA sub-
types will require extensive research. Early data
supports the value of antibody to HAA in the
prophylaxis of long incubation period hepatitis,
and other data suggests that HAA antibody may

have an important therapeutic role in the treat-
ment of fulminant hepatitis. These data will
require confirmation and extension.

A Unifying Concept

HAA has now been detected in a variety of
illnesses. Firm data establishing the role of Haa
in the majority of these illnesses is not available.
Circumstantial evidence would suggest that the
sequelae of HAA-positive, acute hepatitis include
a spectrum of liver disease. Thus the majority
of cases resolve without after-effects. A few pa-
tients, however, may develop HaA-positive per-
sistent hepatitis, unresolved hepatitis, fulminant,
fatal hepatitis, or chronic active hepatitis. Of
those in whom chronic active hepatitis develops
some may progress to HAA-positive postnecrotic
cirrhosis, and hepatoma may develop in a few.
Other patients may progress through a chronic
active phase into a phase characteristic of pri-
mary biliary cirrhosis. Occasional patients with
circulating HAA may develop immune complexes
which deposit outside of the liver. In the blood
vessels polyarteritis may develop and in the kid-
ney glomerulonephritis may be seen. This con-
cept is suggested only as a postulate, for firm
data supporting these pathogenetic routes is
lacking. Blumberg’s initial discovery of HAA has
truly led to a revolution in hepatology. Newer
concepts of the pathogenesis of liver disease and
newer approaches to the treatment of liver dis-
ease have become an important part of this
revolution.
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RECURRING PNEUMONIA IN INFANTSP—THINK OF OBSTRUCTION
What should you be on the look-out for when you.see persistent or recurring
pneumoriias in the infant or young child?

In the broadest terms it would be bronchial obstruction. The natural tend-
ency is to think of foreign body obstruction first which actually, despite its
importance, is not very common. You think of compression of the bronchus due
to lymphadenopathy, not as common now as formerly when there was a child-
hood tuberculosis. The most common cause is none of these dramatic things,
but just the simple retained secretions following acute lower respiratory infec-
tions. Part of the lung becomes poorly aerated, and secretions are so tenacious
they are not coughed up; spontaneous mechanisms just don’t seem to take care
of the situation in many cases. This is recognized, of course, only when bron-
choscopy is-done. I think we do have to think of the obvious mechanical causes
of obstruction, but not disregard the simpler and more frequent matter of re-

tained secretions following acute respiratory infection.

—CHARLES M. Norris, M.D., Philadelphia
Extracted from Audio-Digest QOtorhinolaryngology, Vol. 4, No.
10, in the Audio-Digest Foundation's subscription series of tape-

recorded programs.
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